Abstract
Introduction
Knowledge of the IBIL yield and optical detection efficiency of a wide variety of thin film phosphors is crucial to the success of a new nuclear emission microscopy: Ion Photon Emission Microscopy (IPEM), cumently under development at Smdia [l] .
We hope to develop IPEM as a new tool for performing focusing, and potentially films must be deposited with a radioactive or applied to the single ion effects microcopies without beam source instead of an accelerator. These thin surface of samples such as microelectronic integrated circuits (ICS) to enhance the production of ion-induced photons. These photons are then projected with a high magnification lens system onto a position sensitive detector (PSD) that is sensitive to single photons. The efficient generation, transmission and detection of these photons is required using the IPEM technique to determine the arrival position of each ion which strikes the sample. The utility of IPEM therefore hinges on finding an optimum luminescent layer.
It is well known that inorganic ceramic phosphors have the greatest lumenecence.
Unfortunately, it is very challenging to make and apply extremely thin homogeneous phosphors layers (a few microns thick) on top of ICS from such materials since they usually must be processed at very high temperature. Other standard deposition techniques such as sedimentation lead to extremely rough layers that are not suitable for IPEM due to light scattering effects.
Plastic phosphors have several advantages over inorganic ceramic materials. They usually have a fast decay time (a few ns to tens of ns); they are clear and smooth (reducing or even eliminating light scattering); they are easily made such plastic scintillators are already commercially available.
thin and self-supporting; and
This paper reports the first in a series of experiments aimed at finding an optimum highly luminescent thin film material for IPEM. The first materials studied were organic phosphors.
Instrumentation
The nuclear microprobe system [2] used in this study is installed on the 3MV NEC 93DH-2 Pelletron tandem accelerator. A
(SNICS) provides a wide variety of ion source of negative ions by cesium sputtering species, with H-ions being used here. Alpha particles are provided by the second ion source, the NEC Alphatross Ion Source, which can produce negative helium ions for the injection to the tandem accelerator.
The nuclear microprobe chamber is equipped with a high quality optical microscope (SM-0M40, JEOL USA, Inc.). This microscope was originally designed for scanning electron microscopy (SEM) for the observation of micrographic images with a very high magnification (x300) and a viewing field of 650 microns in diameter. The optical microscope has an objective lens in a retractable long arm. The objective lens is a type of refracting lens with a hole drilled through its center through which the ion beam passes during nuclear microprobe experiments (see Fig. 1 ). The optical microscope has an easy working distance of 5 mm and numeral aperture (_ N. A.) about 0.3.
With a large magnification, the microscope is ideal for viewing very small features (approximately one-micron resolution). The monocular eyepiece of the microscope can be easily replaced by a CCD camera or a luminescence detector such as PMT @hoto-multiplier tubes) for Ionoluminescence applications. In this work, a PMT-based integrated photon counting head (Hamamatsu Model H5920-01) is used for a single photon counting detector. This luminescence detector has an output of 3.3 volts pulse height and 25 ns pulse width. The highest sensitivity of the detector is at about 400 nm wavelength with about 1 * 16% quantum efficiency. The dark current of the photon counting head is about 1-2 cps, after stored in dark room more than 24 hrs.
In this study, a PIN-diode (Hamamatsu, model S 1223) is used to detect and count the incoming particles which excite the IBIL photons. Thick and thin plastic phosphors are laid on the top surfaces of the S 1223 PIN-diodes. The layout of the ion-sample geometry and the data acquisition system in Denton Nuclear Microprobe is also shown schematcially in Figure 1 . The experiments to determine the detected photon/ion efficiency proceeds just like an IBICC experiment on the PIN diode, wherein addition, the IBIL signal is measured at the same time.
Samples preparation Thick samples:
Thick samples of the Bicron series: BC-400, BC-404, BC-408, and BC-430 were laidõ n the top surfaces of the PIN-diodes, as shown in Figure 2 . This is for the investigation of the IBIL efficiency on original samples without any processing.
plastic scintillators were cut from the polished surface side of purchased from BICRONTM and glued to a surface of a PIN-diode.
Thin samples:
Small pieces of the the original material
The recipe for creating thin self-supporting blades using commercially available plastic blocks like Bicron's has been described in reference [3] , in which firther literature on this subject can be found. The method consists of diping some plastic powder, obtained by scraping the block, in toluene; waiting a few hours until the powder is fully dissolved, stirring to get an uniform solution; removing the less dense part of solution and spreading the remaining part over a level glass surface; and finally waiting few hours for the toluene to evaporate and the formation of a solid film, which can be easily removed after immersion in a glass of distilled water. The quantity of powder and toluene are not critical except that ther must be enough toluene to dissolve all of the powder. To get a film of variable thickness, the glass surface can be slightly tilted, and the film in the lower part will become thicker. This is a way to produce blades of different thickness during one deposition run.
The IBIL efficiency of plastic scintillators
The maximum size of the sample imaging area is limited not by beam scanning, but by the size of the hole in the objective lens of the OM-40 optical microscope. A scanning test was carried out on a sample made of a PIN-diode with a 400 mesh gold grid mounted on its surface. As shown in the Figure 3 (a) , the maximum scanning range can be made about 640 pm without serious distortion. Figure 3 (b) displays a higher magnification IBIL image from a scan over a sample made of BC400 scintillator with a 1000 mesh copper grid mounted on its surface. In determining the photon/ion detection efficiency it is important that the data analysed from these combined IBICC and IBIL measurements comes from the central region of the image to avoid edge effects which can attenuate the photon flux.
Large scans were made of the thick samples mounted on PIN-diodes. The scans were made to include 1) an area for IBICC analysis of the PIN-diode surface which remained uncovered and 2) part of sample area covered by the thick plastic which produced an IBIL signal. A typical IBIL and IBICC image for such a thick plastic phosphor is displayed in Table   1 .
Two thin (18 and 21 microns) BC-408 samples were also investigated using alpha particles at energies of 3.9, 6.0 and 9.0 MeV. The detected photons/ion results of these measurements are also listed in Table 2 . The typical IBIL and IBICC images for the thin plastics are displayed in Figure 5 ; where the scan size is about 750 pm. The left round edge shape of the images is due to beam clipping by the edge of the hole in the objective lens.
Birks IBIL Intensity Theory
The IBIL mechanism in plastic material is molecular in nature. The experimental data from the thin samples (data listed in Table 2 ) has also been fit using Birk's formula; however, the fitting tends to give lower whole-detection-efficiency factor: fali 3.0 E-5. This may suggest that the thin sample preparation procedure may change the properties of the plastic scintillators, resulting in lower IBIL yield efficiency.
Conclusions
The IBIL efficiency of some typical organic phosphors is quantified through the combined use of IBIL and IBICC in the nuclear microprobe. The organic scintillation material studied are ideal for fabrication of homogeneous thin layers for the IPEM application; however, their IBIL yield efficiency was measured to be only -70 photons generated per ion per micron. Using such phosphors as surface layers for IPEM will require a high detection efficiency for photon collection, transmission and recording.
This was found not to be the case using the OM-40 microscope-PMT system which had a total detection efficiency was only -0.004?40: light collection = -1'Yo, microscope transmission = -4?40, quantum efficiency of the PMT = -10?4o. Nothing can be done regarding the low efficiency of the collection and detection efficiency. The iow . , transmission efficiency of the microscope could be due to several factors including reflection losses at each optical element, and absorption by the glasses used to form these elements.
Unless plastics with greater luminescence are found, a more efficient photon projection system must be devised if these materials are to be used for IPEM coatings. One approach would be to increase the collection efficiency by reducing the lens-sample distance, and minimize both the reflection losses (i.e. reduce the number of optical elements in the microscope) and the absorption losses (i.e. reduce the optical path through these elements). This could be accomplished in principle by using a single short-focallength lens projector.
The only other element in this system would be the PSD placed at some distance from the lens. This could result in a high magnification system, with good collection and minimal optical losses. We estimate that the system efficiency could be increased at least a factor of 20, and that the detected photons/ion efficiency could approach 1, which, while not required for IPEM, is certainly desirable. 
